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Abstract

Six recommendations remain relevant to incorporate sustainability
into New Product Development for Supply Chain Management.
With respect to sustainability and the Triple Bottom Line, the
current literature highlights economic sustainability issues, with
a growing wealth of knowledge in the environmental area, and a
significant lack of research in social sustainability for New Product
Development–Supply Chain Management. Research continues
to highlight the importance of evaluating the end customers’
sustainability requirements and what the end customer is willing
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to pay for with respect to sustainability. Areas for future research
are highlighted.

Keywords: Sustainability, New Product Development, Supply
Chain Management

LITERATURE REVIEW

A thorough literature review of the New Product Development (NPD)
process as it is coupled with Supply Chain Management (SCM) and
transitioned through the quality, lean, time reduction and globalization
movements highlight six critical recommendations that positively impact
upon a successful product (Authors, 2002, 2003, 2008; Author, 2015 a,b). As
the sustainability trend continues to add complexity to the NPD process,
these six recommendations remain as critical advice to today’s managers.
Why address sustainability in NPD-SCM? NPD is the processes from
design and development through sourcing and production planning.
Without new products or service, companies will eventually cease to exist.
SCM is the integration of processes that procure materials, transform
them into intermediate and final products and deliver them to the end
customer. In today’s competitive environment, competition is supply-
chain versus supply-chain, and companies must integrate NPD with
SCM to survive (Simchi-Levi et al., 2013). Carefully matching product
characteristics to the appropriate supply chain strategy is critical to being
competitive (Fisher, 1997), and product characteristics must be aligned
with end customer requirements (Aitken, Childerhouse & Towill, 2003).

Sustainability is a conceptual framework for aligning economic, envi-
ronmental and social dimensions – also known as, the ‘triple bottom
line’ (Asby, Leat & Hudson-Smith, 2012) or ‘people, planet, profits’.
Without economic sustainability, which refers to the profitability aspect
of any product, businesses will cease to exist, and thus, at a minimum, is
an order qualifier for any product. Environmental sustainability, which
refers to the ‘green’ aspects, includes the impact the product and its
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associated processes have on the environment in such areas as global
warming and pollution. The key with environmental sustainability is for
the natural resource consumption to be below the natural reproduction
for products and processes. Since industrial activities in the United States
account for about a third of carbon dioxide emissions and 40% occur due
to transportation, supply chain activities are a primary factor in envi-
ronmental sustainability (Gupta & Palsule-Desai, 2011). In recent years,
research in environmental sustainability has increased significantly. The
third element of sustainability – the social aspect is the least researched
(Gmelin & Seuring, 2014a, Mu et al., 2011; Beske et al., 2014). Social
sustainability can be divided into internal (the motivation, skills and
loyalty of employees and supply chain business partners) and external
(the value that is added to the community that the company operates
in). While many businesses view the social aspect as less tangible and
difficult to measure (Hutchins & Sutherland, 2008), many people view
these as trade-off’s and not necessarily ‘win-win’ situations. For example,
while environmental regulations provide social benefits, private costs
for prevention and clean-up increase, which reduces competitiveness
(Porter & van der Linde, 1995).

Why address sustainability today? Today’s business leaders are
confronting resource depletion, responding to stakeholder demands (for
example, shareholders, employees, environmental, government organiza-
tions and citizens) and recognizing new roles for businesses in economic
and social change (CEOForumGroup, 2009). There is increasing pressure
from government and society to address issues of global warming, raw
material scarcity, and the deterioration of human rights (Seuring, 2004),
consumer’s concerns, legal requirements and company’s intrinsic moti-
vations (Beske et al., 2014). Today, roughly half of top executives view
sustainability as a source of innovation and new business opportunity
(Sroufe & Melnyk, 201.

Sustainable Supply Chain Management (SSCM) can be defined as “the
strategic, transparent integration and achievement of an organisation’s
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social, environmental and economic goals in the systemic coordination
of key inter-organisational business processes for improving the long
term economic performance of the individual company and its supply
chains” (Carter & Rogers, 2008, p. 368). SSCM is the management of
material, information and capital flows as well as the cooperation among
companies along the supply chain, while addressing all three dimensions
of sustainable development (economic, environmental and social) and
are derived from customer and stakeholder requirements (Seuring &
Muller, 2008b). SSCM includes evaluation of the environmental impact,
a multi-disciplinary perspective of the entire product life-cycle, and
considerations for all stages of the entire product value chain (Gupta &
Palsule-Desai, 2011). Competitive advantages may be achieved through
incorporating sustainability (Campbell, 2007).

Therefore, in order to remain competitive in today’s marketplace,
SSCM must be integrated with NPD. Doing so significantly increases the
product design complexity (Gmelin & Seuring, 2014a). However, incor-
porating sustainability decision-making in the NPD-SCM processes can
significantly impact upon all sustainability aspects over the entire product
life cycles. Unfortunately, as recently as 2010, there was little knowledge
on why and how companies integrate environmental sustainability into
NPD (Dangelico & Pujari, 2010). Fortunately, research over the past 15
years has shown six key recommendations are paramount to new product
success and remain relevant to incorporating sustainability into New
Product Development (Author, 2015a, b): top management support and
development of an integrated NPD-SCM strategy, resource allocation,
financial support and support for a common, shared information system;
a focus on marketing demands; supplier/customer integration; integrated
physical networks, processes and information technology (IT) networks; a
coordinated, cross-functional team; and a clear product vision. The intent
of this article is to review the current state of sustainability – economic,
environmental and social, with respect to these six recommendations
and highlight various research areas that remain. The literature review
focused on peer-reviewed articles in the decision sciences subject area.
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Recommendation #1: Top Management Support:
Development of an Integrated Sustainable NPD-SSCM
Strategy, Resource Allocation, Financial Support and
Common, Shared Information System
Top management support is one of the most critical aspects of devel-
oping NPD with SSCM (Gmelin & Seuring, 2014a, 2014b; Griffin, 1997;
Cooper, 2001; Marion et al., 2012) and includes strategy development,
resource allocation, financial support and support for a common, shared
information system. In general, the NPD process with sustainability is
generally the same as traditional NPD; however, the underlying features
and mechanisms needed to address the increased complexity require
specific managerial skills and coordination (Driessen et al., 2013).

In general - and to meet economic or ‘order qualifier’ requirements for
any product, top management develops the sustainable vision, mission,
scope goals and explicit targets that direct NPD decisions towards
sustainable products (Alblas, Peters & Wortmann, 2014). In mature,
sustainable NPD processes and organizations, sustainability scope and
targets are clear and operational; customized tools, databases, design for
sustainability methods, and supply chain tools exist; process definitions
include sustainability issues; roles and responsibilities are clear; and
NPD designers are experts in sustainability and are active in knowledge
networks (Allen et al., 2012). It is imperative that top management
develop a cohesive strategy (Alblas et al., 2014) that aligns the firm
and its associated supply chains toward delivering sustainable products
and services. Corporations that are beginning to address sustainability
should focus on what sustainability means for their business and products
through defining a sustainability strategy, scope, targets, and processes
first, and worry less at the beginning about the metrics (Allen et al.,
2012). A recent KPMG global survey showed that roughly two-thirds
of companies have a corporate sustainability strategy with a quarter
developing one (Sroufe & Melnyk, 2013). Upper management needs to
use different performance metrics for different types of NPD, particularly
radical versus incremental product development (Driessen et al., 2013).
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Management must accept a certain amount of uncertainty in sustain-
able NPD, and encourage proactive capabilities through exploration,
experimentation, double-loop learning, creativity and entrepreneurship
(Allen et al., 2012). Top management drives process management through
establishing processes with supply chain development partners that
encourage design team competence and remove process issues (Gmelin &
Seuring, 2014a). Top Management needs to articulate that sustainability
is critical to the company’s future and important in all buyer-supplier
relationships (and a ‘shared focus’) as well as proliferating resources
to support sustainability efforts (Allen et al., 2012). For example, top
management can create a management-level sustainability position and
train employees and other supply chain member employees in sustain-
ability, innovation and entrepreneurship. Similarly, top management can
provide the resources and funds to establish a common, shared database,
and although expensive, can reduce development costs, shorten time
to market, improve consistency and data flexibility (Gmelin & Seuring,
2014a). Additionally, to achieve economic goals, management needs
to understand that the corporate reputation on green leadership may
compensate for low financial and customer performance of green prod-
ucts (Driessen et al., 2013). Technology leadership reputation is directly
related to green leadership as very green product innovations generally
require advanced technology development (Seebode et al., 2012).

With respect to environmental sustainability, top management must
align the strategic objectives of the firm with green initiatives (Gupta
& Palsule-Desai, 2011). Alignment may be accomplished through a
green company policy (Driessen et al., 2013), which in the past has
shown a significant impact upon green product innovation (Dangelico
& Pujari, 2010). In the green company policy, top management conveys
the company’s commitment to sustainability through its values, norms
and practices (Driessen et al., 2013). Top management should also use
environmental benchmarking to guide their strategy development (Pujari,
Peattie & Wright, 2004). With respect to performance outcomes, use
different performance metrics for
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green and non-green products (Driessen et al., 2013). It is recommended
that management establish specific sustainability targets for energy
efficiency, carbon dioxide footprint, product weight, materials (recyclables
and recycling), sustainable packaging, and hazardous substances (Allen et
al., 2012). As an example, IBM, a leader in balancing economic performance
and environmental sustainability, embeds sustainability concepts in
its NPD processes and its internal continuous improvement processes,
aligns its business and sustainability strategy, integrates its operations
and sustainability initiatives, maintains its sustainability culture, and
develops systems that execute operational and sustainability goals (Peters
et al., 2011).

While companies are starting to recognize the need to address social
sustainability and the concept of social sustainability is growing (Vachon
& Mao, 2008), social sustainability issues are difficult to incorporate
into NPD-SSCM as they are difficult to measure and results may be
intangible. By addressing the social sustainability issues in the corporate
sustainability policy and training NPD designers throughout the supply
chain in social sustainability (Allen et al, 2012; Nawrocka et al., 2009),
top management positively encourages designers to incorporate social
sustainability issues in their decision-making. Additional top manage-
ment encourages social sustainability through improving supply chain
transparency and encouraging fair trade practices (Vacho & Mao, 2008).
For example, Walmart pledged to broaden its sustainability efforts to all
functions within the company, to all parts of the world where it does
business, and to work with suppliers (for example, Unilever and Proctor
& Gamble) and with non-governmental organizations (for example, the
China Green Foundation) (Anonymous, 2009, April 13).

In general, top management needs to foster a sustainability culture
that creates an innovative, collaborative, integrative supply chain lead
by a systems view of NPD-SSCM through resource and financial support
through a common, shared information system. Without top management
support, the new product is doomed to failure. Unfortunately, due to



64 The BRC Academy Journal of Business Vol. 6, No. 1

differences between global markets, industries, and cultures, research
into this is more complex as factors will certainly interact. Some potential
research streams for this recommendation include:

• Which company in the supply chain oversees and decides upon the
final processes and product?

• How to resolve differences between sustainability visions and
practices between partners?

• How to encourage a corporate and supply chain strategy to fully
incorporate all three dimensions of sustainability into NPD?

• What level of financial and resource support are recommended to
support NPD-SSCM?

• How to design an information system to encourage sustainability
in NPD-SCM?

• How to manage global differences in sustainability perspectives and
incorporation into NPD-SSCM?

• What performance metrics are recommended for environmental
and social sustainability NPD? Do these differ between incremental
and radical NPD (Driessen et al., 2013)?

Recommendation #2: Focus on Marketing Demands
In today’s customer-oriented environment where consumers are increas-
ingly aware of environmental and social responsibility issues (Cohen et
al., 2009), NPD-SSCM strategy needs to seamlessly incorporate critical
market information into these processes and focus on the end customer
(Gmelin & Seuring, 2014a). Management needs to carefully analyze the
end customers’ sustainability requirements. A structured process bridges
the gap between market planning and process management (Gmelin
& Seuring, 2014a). Some companies demonstrate their engagement in
sustainability by seeking certifications such as ISO-14000 (for environ-
mental standards) or following ISO-26000 (for social responsibility stan-
dards) (Gmelin & Seuring, 2014b). As the sustainability trend continues,
companies that lack certification or fewer then their competitors may
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trigger a loss of trust or a negative image to the customer (Gmelin &
Seuring, 2014b).

Consumer market strategies focus on bringing environmental and
socially responsive products to market by concentrating on the key
stages of the product life cycle (Cohen et al., 2009). Product Lifecycle
Management (PLM) assesses the impact on the end customer as well as
operational benefits such as cost reduction and risk management, and may
increase revenues and market share (Cohen et al., 2009). PLM supports
current best practices in NPD- SSCM including incorporating sustain-
ability into NPD by evaluating product safety for the end-user, detecting
marketing needs for ecological and social demands and restrictions,
evaluating market changes to comply with company goals, resources
and capabilities, and analyzing the market for sustainable needs and
capabilities (Gmelin & Seuring, 2014a). Designers need to balance the
perceived trade-offs between product performance and sustainability
(Luchs, Brower & Chitturi, 2012). Strategist must also consider how much
consumers are willing to pay to support sustainability efforts (Cohen et
al., 2009). Unfortunately, until product sustainability is unequivocally
positive for the end consumer, companies will struggle with sustainability
efforts and marketing sustainable products (Luchs et al., 2012).

To encourage ‘green’ NPD, management recognizes that products’
environmental impacts over their lifecycles can best be managed through
goal-oriented and market-based mechanisms that provide flexibility
(Gupta & Palsule-Desai, 2011). While managers should implement proce-
dures and rules that encourage green NPD, many companies struggle
with reconciling greenness with costs (Driessen et al., 2013). Companies
need to educate and convince customers to purchase its green products,
which may cost more (Hassini et al., 2012). Marketing green new products
is very complex due to several factors, such as product ‘greenness’ and
industry factors. Important drivers of a successful product innovation
strategy include the proposed marked orientation, associated processes
to acquire information about customers and competitors, and research on
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sustainable NPD that includes information on non-market stakeholders
(such as regulators or special interest groups) (Driessen et al., 2013).
Strategies to introduce green NPD into the market are characterized by
green targeting and green positioning. Green targeting, which is the
degree to which a customer values green attributes, extends from niche
to mass marketing; while green positioning, which is the degree to which
green attributes are used to communicate to the market about how the
product differs from existing products, may position green attributes
at the core or not at all (Driessen et al., 2013). Greenness and industry
type affect green targeting, and while green niches are emerging in some
markets, market demand for green products in many industries is still
low (Driessen et al., 2013).

Unfortunately, other than noting that marketing needs to detect, plan
and manage for social sustainability, very little research on marketing
and social sustainability for NPD-SCM exists (Gmelin & Seuring, 2014a).

With respect to a focus on marketing demands, potential avenues for
future research include:

• How to assess and address customer perceived trade-offs between
the three sustainability dimensions?

• How to align the marketing strategy with the overall company and
supply chain sustainability strategies?

• How to align the marketing strategy with specific product
contextual attributes?

• How to assess social sustainability requirements in the end
consumer market and align these with specific product contextual
attributes?

• What is the relationship between green targeting and green
positioning and product attributes?

Recommendation #3: Supplier/Customer Integration
Sustainable supply chains differ from conventional supply chains with
respect to the critical nature of selecting supply chain partners that
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match sustainability concerns (Beske et al., 2014). A critical challenge is
to find suppliers that follow the same guiding principles with respect to
sustainability as the company, and to extend this throughout the entire
supply chain (Hutchins & Sutherland, 2008; Allen et al., 2012). Joint
sustainability initiatives emphasize supplier/buyer relationships in NPD-
SCM; however, many suppliers - particularly those further from the end
customer, have little to no interest in sustainability (Allen et al., 2012).
Successful sustainable product implementations depend upon suppliers’
willingness to cooperate in this effort and to implement changes.

Supplier selection is critical to NPD-SSCM development and may
include co-evolving, collaboration, and joint product and process develop-
ment. Co-evolving evolves by improved relationships amongst members
through activities that encourage joint growth in knowledge and partner
development. Collaboration including both internal and external inter-
actions is critical in sustainable NPD development (Tan & Tracey, 2007).
To support sustainability, supplier selection criteria includes a willing-
ness to engage in sustainable practices (Wiskerke & Roep, 2007), and
technical superiority and cooperativeness (Ellram et al., 2007). Potential
partners may demonstrate their commitment to sustainability through
attaining environmental certifications (such as ISO14000) or following
social sustainability standards (such as ISO26000) (Gmelin & Seuring,
2014b) or being certified to SA8000 (Waage et al., 2005). (SA8000 is a
standard that covers child labor, forced labor, health & safety, right to
collective bargaining, discrimination, disciplinary procedures, working
hours, and compensation, and requires a social management system prior
to certification (Waage et al., 2005)). Significant challenges in developing
these relationships arise due to a lack of trust, data management issues,
interoperability and communication issues (Gmelin & Seuring, 2014a).
Best practices to improve the buyer-supplier relationship include jointly
implementing a code of conduct focused on all aspects of sustainability,
holding regular meetings for enhanced communication, joint participa-
tion in activities that develop trust, developing joint decision-making
procedures, assisting partners to learn new methods and sustainability,
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and potentially, providing financial support (Beske et al., 2014). Econom-
ically, practitioners need to analyze all relationships within the supply
chain and pay particular attention to monetary and non-monetary costs
to implement NPD practices that may outweigh the benefits (Homburg
& Kuehnl, 2014).

Since roughly 60% of the product’s cost may be attributed to purchased
materials (Monczka et al., 2009) green purchasing can significantly
impact upon sustainability efforts. Therefore, it is not surprising to find
a significant amount of research in green purchasing exists (Driessen &
Hillebrand, 2012) as suppliers play a significant role in green innovations
(Lee & Kim, 2011). Within green purchasing research, specific issues
addressed include cooperation and communication between supply chain
members to achieve a proactive sustainability approach, risk management
to identify environmental and social problems prior to public exposure,
and total life cycle product analysis (Seuring & Muller, 2008a).

The need for strong, collaborative, cooperative relationships between
supply chain members toward developing environmental products and
using innovative, environmental technologies in processes exists in
several studies (Vachon & Klassen, 2006; Vachon & Mao, 2008; Nawrocka
et al., 2009). To select and evaluate suppliers for sustainable practices,
use specific environmental requirements and environmental audits
(Nawrocka et al., 2009). Companies, such as IKEA, Sony, Ericsson and
Volvo, established their own detailed environmental sustainability qual-
ification schemes (Nawrocka et al., 2009). Managers should be cautious
about environmental compliance in different countries as legislative
compliance may carry different meanings (Nawrocka et al., 2009).

Life Cycle Analysis (LCA) , a pro-active technique, emphasizes the
physical substance flow and chemical changes and can analyze the
‘global’ aspects in environmental supply chain relationships (Beske et al.,
2014). LCA is a comprehensive approach to addresses the environmental
impact at every supply chain stage from raw material extraction through
disposal and focuses on supply chain partnerships (Bras, 2009). Current
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research indicates a gap and need for more holistic, relational research
in this area (Ashby et al., 2012). LCA looks at all phases of a product’s
life cycle (Gmelin & Seuring, 2014b) and assumes a significant amount
of detailed information on products and processes (Allen et al., 2012).
Therefore, LCA is limited in early product design (Sousa & Wallace, 2006)
and provides limited guidance to immature NPD organizations due to
methodological problems, lack of knowledge and data (Allen et al., 2012).

Evaluating partner’s social sustainability can be difficult as many indi-
cators are dependent upon the economic resources of the family (poverty,
nutritional status, healthcare, life expectancy and living conditions).
Social sustainability efforts may be encouraged through green purchasing
efforts (Seuring & Muller, 2008b), and as mentioned previously, by
encouraging supply chain members to incorporate social sustainability
efforts – such as ISO26000 or SA8000, in NPD-SCM. Purchasing managers
may also use social sustainability indicators such as equity, healthcare,
education, housing, security and population (UNDSD, 2001). They should
also be expected to engage in fair trade practices; however, fair trade
practices may result in higher prices for the end consumer, who may
prove unwilling to pay extra to support this practice (Hassini et al.,
2012). In the United States, partner selection measures may include the
average wages versus the cost of living in the region, wage equity, gender
and minority wage equity, healthcare benefits, philanthropic activities,
educational initiatives and workforce job safety; however, many indica-
tors are dependent upon the economic resources available to the family
and difficult to incorporate into decision-making (Hutchins & Sutherland,
2008). Companies may encourage decent working conditions at suppliers
by providing training and expert knowledge (Nawrocka et al., 2009).

Potential research streams with respect to supplier/customer NPD-
SSCM integration include:

• How to resolve differences between sustainability visions and
practices between partners?

• How to extend LCA to address NPD (Sousa & Wallace, 2006)?
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• How to address the gap and need for more holistic, relationship
research in LCA – particularly in NPD (Ashby et al. 2012)?

• What are the significant factors that encourage and discourage
supplier-customer relationships toward developing sustainable new
products?

• How to gather and disseminate relevant knowledge and data to
encourage sustainable NPD (Allen et al, 2012)?

• What are the best practices to incorporate and monitor social
sustainability (e.g. indices) for supplier-customer interaction
(Nawrocka et al., 2012)?

• How should managers extend sustainability efforts up the supply
chain (Allen et al., 2012)?

• What measures should be used to select partners that foster
sustainability in NPD?

Recommendation#4: Integrated Networks (Physical Network,
Processes & IT Management)
As previously discussed, integrated supplier-customer relationships are
critical to successful NPD-SSCM. Related to this are decisions which
impact upon the development of this integrated network, from a physical
network, process integration, and IT management perspectives. For
example, decisions on how to technically and logistically integrate supply
chain partners, the quality of information integration and exchange, and
the operational processes used to integrate partners can impact upon
the success of NPD in a supply chain (Beske et al., 2014). Formalized,
streamlined processes between supply chain members support doing the
NPD correctly (Marion et al., 2012).

The physical network design for sustainable new products includes
decisions on location and transportation. However, there is a definitive
link between product characteristics and supply chain structure (Fine,
1998), and channel structure plays a critical role in product success
(Ellram et al., 2007). Innovative products are best delivered through
responsive supply chains, while functional products are better served
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through efficient supply chains (Fisher, 1997). By continuing to use this
product/process approach, managers can avoid un-necessary steps that
do not support sustainability efforts (Gmelin & Seuring, 2014a).

Best practices to develop streamline processes and coordination across
globally-dispersed companies include product data management, process
improvement management and engineering project management that
extend across departments, companies and international borders (Gmelin
& Seuring, 2014a). Product data management enables data acquisition on
environmental and social sourcing (Gmelin & Seuring, 2014a). Companies
that are more mature when it comes to sustainability use structured
process management to guide projects, align targets and management
sustainability targets (Allen et al., 2012). In strong collaborative rela-
tionships, data management is defined and controlled jointly (Gmelin
& Seuring, 2014a). Recommendations call for a common product devel-
opment platform that balances economic product development with
environmental and social sustainability along with project and program
goals (Gmelin & Seuring, 2014a). As previously discussed, PLM is a tech-
nique that may assist in the required information integration through all
product phases including NPD to every supply chain member (Sudarsan
et al., 2005). Relevant to this recommendation for integrated networks,
PLM assists in reducing product data inconsistencies and improves
coordination and control (Cantemessa et al., 2012) as information on
revenues, costs, time, energy and materials may be exchanged across
and within organizations (Gmelin & Seuring, 2014b). Sustainable NPD
success factors supported by PLM include process formalization (including
product-focused sustainable data handling processes, process flexibility
improvement, common change management processes for economic
and environmental success, and workflow management for economic
process execution) and cross-functional work (including cross-company
and cross-functional sustainable process alignment) (Gmelin & Seuring,
2014a).
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With respect to IT management, recommendations call for a central
location for data management and storage, which reduces data duplication
and data inconsistencies (Gmelin & Seuring, 2014a). Security concerns
across informational boundaries increase with SCM; however, through
utilizing procedures previously discussed to improve collaboration and
encourage trust-building, concerns may be alleviated.

Environmental sustainability and integrated networks are related.
For example, from a NPD and supply chain perspective, as product
complexity increases with a larger number of target components, the
value of short lead times increases and the environmental impact due
to shorter distances decreases (Ferrer & Ketzenberg, 2004). Similarly,
partners located physically closer to the end customer are more likely to
be aware of environmental issues (Nawrocka et al, 2009). As previously
mentioned, partners are encouraged to manage physical network aspects
through an environmental management system (Nawrocka et al, 2009).

Similar to other recommendations, no specific research was uncovered
specifically related to social sustainability and this recommendation –
whether related to a physical network, processes or IT. Therefore, any
research that explores the relationships between social sustainability
and the processes/practices, physical network and IT will be beneficial.
Additionally, within integrated networks, potential avenues for research
include:

• What are the relationships between product complexity, lead time
and environmental impact (Ferrer & Ketzenberg, 2004)?

• What data management practices and characteristics should a
product development platform have to encourage information
exchange in PLM?

• What is the relationship between, and what factors impact upon,
the channel structure, sustainability (all three areas) and NPD?

• What is the relationship between efficient and responsible
supply chains, and the three areas of sustainability – economic,
environmental and social?
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Recommendation #5: Coordinated, Cross-functional Team
Departmental cross-functional collaboration is a success factor for sustain-
ability in NPD (Petala et al., 2010). As noted previously, top management
must support cross-functional NPD work (Marion et al., 2012). In today’s
business environment, cross-functional development may include internal
organizational integration as well as inter-firm (external) collaboration
(Homburg & Kuehnl, 2014). Engineering collaboration across company
boundaries is essential to developing innovative, sustainable products.
As a first step towards collaboration, companies need to remove func-
tional silos and adopt a product/process approach (Lambert et al., 1998).
Collaboration improves through sharing information that focuses on the
organization’s common goals, sharing resources, improving communi-
cation, creating knowledge, trusting and making joint decisions (Beske et
al., 2014), and it is dependent upon technology and organized processes
(Johnson et al, 2010). Cross-functional teams reflect the core values of
sustainable NPD (Sarin & McDermott, 2003). To facilitate collaboration,
the development team needs well-defined roles and functions (Zhang,
2011), and include experts with sustainability capabilities (Gmelin &
Seuring, 2014a). Specific to sustainability, the team should use a resource-
based view that reviews the inter-firm resources that are valuable for
increased competitiveness (Gmelin & Seuring, 2014a).

The coordination between environment, R&D and purchasing depart-
ments significantly influences product improvement activities, particu-
larly with respect to the environmental supply chain, and is an important
feature of environmental supply chain cooperation (Green, Morton &
New, 1998). PLM supports NPD success factors related to teams including
cross-functional and cross-company environmental and social data
provisioning, avoiding silo thinking – particularly one solely focused
on economic development, and managing key sustainability resources
(Gmelin & Seuring, 2014a).

Sustainable innovation is founded upon a sustainable culture in the
firm and supply chain that encourages every employee to participate on
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a daily basis in sustainability efforts. Cross-functional, coordinated teams
build upon this culture toward sustainable products and sustainable
supply chain processes.

In today’s business environment, coordinated, cross-functional teams,
operating within and across cultural and global boundaries to develop
NPD in supply chains, are expected. While the review here is not compre-
hensive, the available literature with respect to coordinated, cross-func-
tional teams highlights sustainability in general, and does not address
specific environmental or social sustainability issues in NPD-SCM.
Addressing cultural, global issues and different perspectives with respect
to sustainability are areas ripe for research.

Recommendation #6: A Clear Product Vision
As with any NPD in order to be competitive, the product and its associ-
ated supply chain must match market requirements and value stream
objectives (Fisher, 1997). Designers must understand the product defi-
nitions and work with manufacturing to develop a seamless product
delivery process. As previously mentioned to encourage sustainability
in NPD, top management needs to provide specific sustainability scope
and targets, and educate and encourage NPD designers in sustainability.
Designers must have clearly defined roles and responsibilities, build
active knowledge networks, and must be capable of using customized
tools, databases, and design for sustainability methods and tools.

From an economic standpoint, designers need to monitor NPD and
costs through all NPD phases and realize that as more information is
gathered, it is easier to estimate NPD costs (Chwastynk & Kolosowski,
2014). Unfortunately, the gap between consumers articulated support of
sustainability and actual sustainable consumption is very wide (UNEP,
2005), which implies that there is a minimum threshold of performance
that sustainable products must meet (Luchs et al., 2012). In one case study,
results show that customers tend to stick to conventional products instead
of buying eco-products – even if price, quality and functionality are the
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same (Allen et al., 2012). Therefore, to promote sustainable products, it
is important to improve consumer’s confidence toward these products.
Researchers continue to explore the perceived trade-off between product
performance and sustainability, and results show that superior aesthetic
design has a disproportionately positive effect on the likelihood of a
successful sustainability-advantaged (versus performance-advantaged)
product (Luchs et al, 2012). Therefore, a key recommendation for a
company interested in sustainable products is to develop product aesthetic
design capabilities (Luchs et al., 2012).

In recent years, green product innovation activities are growing
(Driessen et al, 2013) as designers incorporate green into NPD through
techniques such as Design for Environment (DfE), design-oriented work
for green operations and green supply chain management (Sarkis et al.,
2011; Seuring & Muller, 2008a, b), and metrics focused on sustainability
(Waage et al, 2005). The antecedents of product characteristics (greenness,
relative advantage, costs and newness) and introduction characteristics
(green targeting and green positioning) must be established and balanced
(Driessen et al., 2013). NPD designers need to consider all supply chain
management processes for all product lifecycle phases in the product’s
design including using environmentally-conscious methods in manufac-
turing, material selection, delivery to the end consumer and end-of-life
product management (Gungor & Gupta, 1999). Designers must consider
green versus non-green characteristics for materials, energy and pollu-
tion across all supply chain processes (Dangelico & Pontrandolfo, 2010).
Unfortunately, many designers today are unfamiliar with the associated
manufacturing processes, which create additional supply chain issues,
and designers need guidance on aligning specific product contextual
factors with an appropriate strategy (Ashby et al., 2012).

Designers need to develop a better understanding of the reverse value
chain processes (reuse, repair, recycling, remanufacturing or redesign of
returned products). For example, designers need to understand remanu-
facturing design concerns, such as product/component durability, level
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of product re-manufacturability, return stream processes, relationship
between new and re-manufactured products, and consumer preferences
between new and re-manufacturing products (Gupta & Palsule-Desai,
2011). Design decisions on the timing and volume of product returns, re-
manufacturability, and specific component re-usability also exist (Gupta
& Palsule-Desai, 2011). The reverse supply chain, product characteristics
and strategy need to be appropriately aligned to encourage product
success (Guide et al, 2006).

In recent years, Extended Producer Responsibility (EPR) policies shifted
responsibility toward producers and away from local municipalities
through incentives to incorporate environmental considerations into the
design of products (Gupta & Palsule-Desai, 2011). EPR examples include
product take-back and recovery targets (such as home appliance recycling
in Japan), disposal fees and material taxes (such as tire disposal in some
U.S. states) and design/performance standards (such as U.S. fuel efficiency
laws). Strategies to address EPR that impact upon NPD include: changing
product design to incorporate end-of-life take back, disassembly and
reuse; rationalizing parts and components to decrease material usage,
eliminate hazardous substances, and facilitate remanufacturing; and
choosing optimal product durability to include planned obsolescence,
take-backs and replacements (Gupta & Palsule-Desai, 2011).

While current research supports the recommendation for a clear,
product vision in NPD-SSCM, research in the social sustainability arena
is again lacking. However, research to integrate economic and NPD-SCM
exist for over two decades. A potential avenue for economic research is
to focus on the trade-offs and complex factors between end product and
component performance and sustainability (Luchs et al., 2012). Similarly,
research in NPD and environmental sustainability exists as well. Current
questions within environmental sustainability to address include:

• How do carbon prices affect product line design decisions when
different products require different capacities and have different
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levels of emissions during production (Gupta & Palsule-Desai,
2011)?

• How do different regulatory regimes affect a firms’ technology
choice (Gupta & Palsule-Desai, 2011)?

• What are the best practices to align DfE, product contextual factors
and strategy alignment (Ashby et al., 2012)?

• How to address different global regulatory issues?

• How to address different technology choices for NPD-SSCM?

• How to balance emissions rights within a supply chain to optimize
the value chain?

Within a clear product vision, research on the reverse supply chain
alignment and sustainability is lacking. Potential research streams include:

• What is the relationship between specific product characteristics
(contextual factors) and the reverse supply chain (Gupta & Palsule-
Desai, 2011)?

• With respect to specific components, which components should be
reused in their original functionality, which components should
be modified for re-use, and how many times should a particular
component be reused (Gupta & Palsule-Desai, 2011)?

DISCUSSION

The thorough, but not comprehensive, literature review reveals that the
NPD-SCM recommendations (Authors, 2002, 2003, 2008; Author, 2015 a,
b) continue to be relevant today in light of the increasing demand for
sustainability in products and processes. These recommendations are not
separate recommendations that may be implemented separately from one
another; rather, they need to be integrated and jointly implemented in
order to achieve a successful NPD. A single, specific NPD-SSCM strategy
does not exist as managers must consider the specific product, industry
and country factors relevant to their end market and supply chains in
strategy development.
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Economic sustainability is paramount to any NPD-SCM development
as products that do not meet the needs of the end customer will cease to
be demanded and therefore, its supply chain will ultimately cease to exist.
With respect to each recommendation, the discussion highlights key
suggestions to develop new products and encourage overall sustainability
development. However, as was highlighted at several points in the
literature review (for example, Luchs et al, 2012), new products that do
not meet the cost-value proposition of the end customer will fail. It is
imperative that designers understand the trade-off between sustainability
and performance as economic sustainability is an order qualifier for any
new product. Methods, such as green targeting and green positioning, can
assist to align the end market with financial and operational objectives
of supply chains. Research in this area is still evolving.

Since Earth Day in 1970 in the U.S., efforts to incorporate environ-
mental sustainability into decision-making increased. However, as noted
in the literature review, research focused on incorporating environmental
sustainability increased significantly in the past 5 years in NPD-SCM.
PLM, DfE, and LCA are some of the techniques designers can use to
address environmental concerns in NPD. Unfortunately, as noted previ-
ously, consumers do not fully understand the value of environmentally
friendly products – nor are they ready to pay more for these attributes.
So while designers struggle with incorporating and addressing environ-
mental issues in product design, a significant hurdle is to bridge the gap
between what consumers truly want from products with respect to the
environment, and what they are willing to pay for.

Social sustainability research tends to focus on existing practices of
firms with respect to treatment of their labor force, sourcing practices
and community environmental impact. However, while corporate social
responsibility has gained momentum in the past decade, as the literature
review highlighted, research into social sustainability in NPD-SCM is
extremely lacking. Current recommendations for NPD-SSCM develop-
ment emphasize selecting and fostering relationships with similar socially
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sustainable values through trust-building and communication. Managers
need to assist designers to overcome the complexity that is added by
considering social sustainability issues in the product and process design
through support, processes, and knowledge. It is critically important
to understand the end customer’s specific product requirements and
what they are willing to pay for with respect to social sustainability.
Management can encourage social sustainability in new products through
leveraging their brand image to foster positive customer perceptions.
Obviously there is a significant need for research specific to social
sustainability in NPD-SCM.

CONCLUSIONS

Six recommendations are still relevant to incorporating sustainability
into NPD for SCM. These six recommendations are: (1) Top management
support to develop an integrated strategy support through resource
and financial support through a common, shared information system is
vital to developing a new product; (2) A focus on marketing demands;
(3) Supplier/Customer integration; (4) Integrated networks (Physical
Network, Processes & IT Management); (5) Coordinated, cross-functional
team; and (6) A clear product vision. In general, the underlying recom-
mendation for NPD-SSCM is a focus on the end-customer. Research into
economic sustainability in NPD-SCM is on-going as every product must
be economically viable or it will disappear from the marketplace, envi-
ronmental sustainability research is on the rise, but social sustainability
research is extremely lacking. The issue for today’s managers is to appro-
priately address environment and social sustainability issues through
focusing on the end customer. Limitations to this research include the
lack of specific data and test cases and difficulties in testing interactions
due to the significant number of factors that may impact upon NPD-SSCM
(such as industry, quality, cost, timing, and global issues). Fortunately,
for researchers, potential research avenues in NPD-SSCM abound.
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